Respiratory-induced changes in arterial blood pressure predict fluid responsiveness. However, the accuracy of these variables is affected by the preset tidal volume and by the early inspiratory increase in arterial blood pressure. We have therefore calculated the slope produced by the minimal systolic blood pressures (plotted against the respective airway pressures) during a ventilatory maneuver consisting of four incremental, successive, pressure-controlled breaths, termed the Respiratory Systolic Variation Test (RSVT). In 14 ventilated patients, after major vascular surgery, the slope of the RSVT decreased significantly after intravascular fluid administration and correlated with the end-diastolic area and with changes in cardiac output better than filling pressures. This preliminary study suggests that a standardized ventilatory maneuver may be useful in guiding fluid therapy in ventilated patients. F unctional hemodynamic variables that are based on analysis of the respiratory-induced variations in the arterial blood pressure (AP), e.g., the systolic blood pressure variation (SPV) (1), the pulse pressure variation (PPV) (2), and the stroke volume variation (SVV) (3), are sensitive indicators of fluid responsiveness (FR) in ventilated patients. These variables are greatly influenced by the magnitude of the tidal volume used (4,5). In addition, they are based on the difference between the maximal and minimal left ventricular stroke volumes (LVSV) during the mechanical breath. However, it is only the decrease in LVSV that reflects FR, whereas its augmentation during early inspiration, especially when being the dominant AP variation, is associated with hypervolemia or congestive heart failure (6) and absent FR (1,7). We have therefore developed the Respiratory Systolic Variation Test (RSVT), which is a measure of the slope (RSVTs) of the decrease in the systolic AP in response to a standardized maneuver consisting of a series of successive incremental pressure-controlled breaths. In this study, we report our preliminary observations on the feasibility of using the RSVT to predict FR in ventilated patients.
Respiratory-induced changes in arterial blood pressure predict fluid responsiveness. However, the accuracy of these variables is affected by the preset tidal volume and by the early inspiratory increase in arterial blood pressure. We have therefore calculated the slope produced by the minimal systolic blood pressures (plotted against the respective airway pressures) during a ventilatory maneuver consisting of four incremental, successive, pressure-controlled breaths, termed the Respiratory Systolic Variation Test (RSVT). In 14 ventilated patients, after major vascular surgery, the slope of the RSVT decreased significantly after intravascular fluid administration and correlated with the end-diastolic area and with changes in cardiac output better than filling pressures. This preliminary study suggests that a standardized ventilatory maneuver may be useful in guiding fluid therapy in ventilated patients. F unctional hemodynamic variables that are based on analysis of the respiratory-induced variations in the arterial blood pressure (AP), e.g., the systolic blood pressure variation (SPV) (1), the pulse pressure variation (PPV) (2) , and the stroke volume variation (SVV) (3), are sensitive indicators of fluid responsiveness (FR) in ventilated patients. These variables are greatly influenced by the magnitude of the tidal volume used (4, 5) . In addition, they are based on the difference between the maximal and minimal left ventricular stroke volumes (LVSV) during the mechanical breath. However, it is only the decrease in LVSV that reflects FR, whereas its augmentation during early inspiration, especially when being the dominant AP variation, is associated with hypervolemia or congestive heart failure (6) and absent FR (1,7). We have therefore developed the Respiratory Systolic Variation Test (RSVT), which is a measure of the slope (RSVTs) of the decrease in the systolic AP in response to a standardized maneuver consisting of a series of successive incremental pressure-controlled breaths. In this study, we report our preliminary observations on the feasibility of using the RSVT to predict FR in ventilated patients.
Methods
We studied 14 patients after abdominal aortic surgery after the respective approval of each institution's human investigation committee and after obtaining written informed consent. Contraindications for enrollment in the study included advanced congestive heart failure and rhythm other than sinus. The study was conducted in the first 2 h after admission to the intensive care unit, with the patients on pressure-controlled mechanical ventilation (Siemens 900C ventilator) under sedation with fentanyl and no spontaneous breathing efforts.
The RSVT was performed (in triplicate) by manually adjusting the pressure-controlled knob to produce four successive breaths at inspiratory pressures of 5, 10, 15, and 20 cm H 2 O, at a respiratory rate of 12/min, inspiratory/expiratory ratio of 1:2.5 and no positive end-expiratory pressure. Off-line analysis of a paper strip chart recorder included identification of the minimal value of the systolic AP after each of the four respective breath cycles (Fig. 1) . These values were then plotted against the corresponding airway pressures and a line of best fit drawn through these four points, with the resulting RSVTs expressed in mm Hg/cm H 2 O. Other measurements including the indexed left ventricular end-diastolic area (EDAI) by transesophageal echocardiography were performed before and after intravascular fluid administration (7 mL/kg of plasma expander over 30 min). Statistical analysis was performed by a two-tailed t-test, Pearson correlation, and receiver operating characteristic (ROC) curves, where appropriate.
Results
Baseline data and their changes after intravascular fluid administration are presented in Table 1 . The initial RSVTs (range, 0.03-0.55 mm Hg/cm H 2 O) decreased significantly after intravascular fluid administration (range, 0.01-0.35). The relative range of any triplicate RSVTs measurements did not exceed 15%. EDAI correlated better with the RSVTs (Fig. 2) than with the pulmonary artery occlusion pressure (PAOP) and central venous pressure (CVP) (r ϭ 0.792 and 0.696, respectively) before intravascular fluid administration. Baseline RSVT values of patients whose cardiac index (CI) responded to intravascular fluid administration were significantly higher than those of nonresponders (Table 2) and correlated with the change in CI significantly better than the EDAI, PAOP, and CVP (Fig. 3) . In addition, the percent of change in the CI correlated significantly (r ϭ 0.748) with the decrease in the RSVTs after intravascular fluid administration.
The areas under the ROC curves for a Ն15% change of CI for the PAOP, EDAI, and RSVT were 0.771 (95% confidence intervals, 0.486 -1.055), 0.875 (95% confidence interval, 0.683-1.067), and 0.896 (95% confidence interval, 0.726 -1.065), respectively. An RSVT value Ն0.24 mm Hg/cm H 2 O predicted a change Ն15% in CI with a sensitivity of 87.5% and a specificity of 83%, whereas an EDAI value Յ10.2 cm 2 /m 2 predicted a change Ն15% in CI with a sensitivity of 87.5% and a specificity of 67%.
Discussion
The RSVT is a new functional hemodynamic variable that influences preload by a series of incremental tidal volumes. Our results clearly show that steeper RSVTs are associated with smaller EDAI and a significant CI increase after intravascular fluid administration. Because the size of the tidal volume complicates the interpretation of the SPV, PPV and SVV (4,5), the RSVT is a first attempt at standardizing the respiratory stimulus that serves as a basis for functional hemodynamics (8) . In addition, the RSVT is a measure of the slope created by the lowest systolic values only and does not include the frequently occurring early inspiratory increase in the SV, which is more prominent in the presence of hypervolemia or congestive heart failure, denoting absent FR (1, 4, 6, 7) . The inclusion of the maximal beat in the calculation of the SPV, PPV, and SVV may therefore decrease their accuracy as RSVTs ϭ slope of the Respiratory Systolic Variation Test; EDAI ϭ end diastolic area index; BPm ϭ mean arterial blood pressure; PAPm ϭ mean pulmonary artery pressure; PAOP ϭ pulmonary artery occlusion pressure; CVP ϭ central venous pressure; HR ϭ heart rate; CI ϭ cardiac index; SVI ϭ stroke volume index.
predictors of FR and may account for the recently reported reduced effectiveness of the SVV as a predictor of FR in patients with impaired left ventricular function (3) .
This preliminary report suggests that the RSVT is a useful variable of FR in mechanically ventilated patients. Although performed manually in this study, this maneuver can become clinically available in the future by appropriate automation and linkage of ventilator and monitor.
